INTRODUCTION
The areas under spelt have been increasing recently, which is associated with the growing interest in healthy lifestyle and healthy food, as well as with the increase in organic farming development. Spelt is valued due to its health-promoting qualities and agronomic advantages, such as high pest resistance and due to the fact that it can be cultivated on low fertility, poorly drained soils (1, 2) . Globally, there is an increasing interest in using organic farming systems and maximizing grain production in low-input scenarios. Today, spelt is maybe, popular due to the perception that it is a 'healthier', more 'natural', or less 'over-bred' grain than commercial bread wheat (3) (4) (5) . The rheological properties of wheat flour dough are essential for the successful manufacturing of flour based products because they determine its behavior during mechanical handling, thereby affecting the quality of the finished products (6) . For a long time, only farinograph of semolina has been used to predict pasta quality (7) , but lately some authors have also used other rheological methods (8) (9) (10) for predicting pasta quality. Though dough for either alveograph or mixolab testing relate to fully developed gluten network contrary to crumbly pasta dough, resulting data give a valuable insight into pasta raw material quality. Alveograph data can be useful in predicting gluten quality and protease activity (10) . The Mixolab technique records the dough changes when subjected to large deformations and to temperature sweeps (11, 12) , also experienced in pasta technology. Mixolab data may also contribute to starch quality determination. Both gluten and starch, are closely related to pasta textural attributes (8, 9) , as activity of proteolytic and amylolytic enzymes cause color changes (8) . Pasta has a primary role in human nutrition thanks to its complex carbohydrate profile, large global distribution, and the most popular extruded product with a relative long shelf life if properly stored (13, 14) . It is also a widely consumed food because of its low cost and easy preparation (15) . Pasta quality can be expressed in terms of cooking characteristics, color, taste and aroma, and these factors are of great importance for the consumer (16) . The quality of spaghetti pasta cooking can be evaluated in terms of stickiness, firmness, overcooking tolerance, degree of swelling, and cooking loss of solids (17) . High quality pasta is manufactured using durum wheat semolina because of its very good cooking quality and high consumer acceptance. However, in many countries the availability of durum wheat for pasta production is limited, and there have been many reports on the partial or complete replacement of semolina with common wheat flour or others flours (15) .
Having in mind that a limiting number of methods are used for pasta flour testing, the aim of this paper is to investigate the posossibility of using mixolab and alveograph data and relate them to the quality of spelt pasta, defined by its texture and color.
EXPERIMENTAL

Materials and methods
Five spelt cultivars noted as: Flour 1, Flour 2, Flour 3, Flour 4, and Flour 5 (particle size of whole meal flours ranged between 200 and 300 μm), representing the average quality from producing areas in the years 2015-2016 in Serbia were used in the investigation. Dough rheology testing was performed by Mixolab (Chopin, Tripette et Renaud, Paris, France) and Alveograph (Chopin-Alveograph). The Mixolab procedure was earlier described by Filipović et al. (18) . The viscoelastic behavior was also determined by the alveograph test (Chopin-Alveograph), following the standard procedure (19) . The monitored parameters were: resistence to deformation (P), dough extensibility (L), deformation energy (W), and curve configuration ratio (P/L). Pasta was made using the device "La Parmigiana D45" MAC 60, (Fidenza, Italy), according to the procedure discribed by Filipović et al. (18) . Textural properties of cooked pasta were measured on a Texture Analyzer TA.HD plus (Stable Micro System, U.K.) equipped with a 5-kg load cell, described previously (18) . Pasta color attributes were measured instrumentally using a Chroma meter (CR-400, Konica, Minolta, Tokyo, Japan) tri-stimulus colorimeter, as described by Filipović et al, (20) . Descriptive statistical analyses for the obtained rheological and technological quality parameters were expressed as the mean ± standard devia- software. The collected data were subjected to ANOVA for the comparison of means, and significant differences are calculated according to post-hoc Tukey's HSD (honestly significant differences) test at p<0.05 significance level, 95% confidence limit.
RESULTS AND DISCUSSION
Different samples of Spelt flour are used to find relationships between parametres charcterizing the main dough proteins and starch, which are responsible for pasta texture, cooking performance and also may adversely influence the pasta color. Table 1 lists the physical responses during the mixing-pasting-gelling phases of the investigated five samples, which according to mixolab data, do not differ statistically among the samples. Flour 2 is characterized with the lowest force for protein weakening (0.57±0.01) and starch gelatinization (1.35±0.14), which indicates a weak three-dimensional viscoelastic structure. Flour 1 and Flour 2 have the lowest and very similar data for amylase activity and starch retrogradation compared with other samples of flour, suggesting good gluten and starch characteristics and low enzyme activity. Flour 5 has the highest mixolab properties, viz.: protein weakening 0.67±0.05, starch gelatinization 1.69±0.10, amylase
Original scientific paper 88 activity 2.34±0.15, and starch retrogradation 3.38±0.27. The highest protein weakening and starch gelatinization data contributed positively to the protein starch network and stability of pasta, which is consistent with the previous findings of Filipović et al (15) . It can be expected that these parameters will correlate with Pasta 5 quality ( Table 2 ). The alveograph characteristics of five different flour of spelt dough are presented in Table 1 . Resistance to deformation (P value) is an indicator of the dough's ability to retain air bubble (10, 21) and higher values are favorable for pasta dough. Statistically significant differences between P values of different flours (2 and 3), flours (1 and 5) and Flour 4 are noticed, and therefore the differences in the resulting pastas can be also expected. The highest values for (P) resistance to deformation (50±2) were observed for Flour 1 and Flour 5, while the lowest value was found for Flour 4 (40±1). The extensibility of dough (L), as a predictor of the processing characteristics of dough it also points out to protease activity. Statistically significant differences were observed between the dough extensibility and deformation energy (W) among the flour samples. The highest value for W (121±3) was found for Flour 5, which is far below the values (160-250) reported by Chopin (21) for durum dough, while the lowest value was noticed for Flour 1 and Flour 2 (106±2). Based on the alveograph data the most favorable raw material for pasta spelt was Flour 5. Original scientific paper Table 2 shows pasta quality (textural attributes of dry and cooked pasta and pasta color) of different flour samples. Statistically significant differences between the values of technological parameters were noted between the pasta samples. The best technological quality (hardness 5182.06±7.48g, adhesiveness 10.25±1.16 a gsec, work of shear 410.33± 5.44 gsec, fracturability 24.38±1.84 flexibility 27.02±1.69) was obtained for Pasta 5, as it was expected based on the mixolab (PW, SG, AA and SR) and alveograph (P, L and W) data. On the other hand, the worst technological quality (hardness 2320.97±8.84 g, adhesiveness 36.06±3.78 c gsec, work of shear 170.10± 8.28 gsec, fracturability 17.75±0.75 flexibility 13.33±0.28) was observed for Pasta 1, as indicated by the mixolab data (starch gelatiniyation, amylase activity and starch retrogradation). Pasta 5 showed a statistically significant difference in texture attributes compared to other pastas, which was consistent with the alveograph data (maximum of deformation energy). On the whole, according to the textural attributes of dry and cooked pastas, Pasta 5 had the best quality.
Color of the pasta is also a very important parameter for product acceptance by consumers (22, 23) . The maximum of brightness (86.19±0.09) was obtained for Pasta 5, as indicated by the alveograph (L and W) and mixolab data (SG, AA and SR), while the minimum of brightness 83.61±0.05 and share of yellow color of 14.29±0.05 were observed for Pasta 1, which is directly related to the mixolab data (starch gelatinization and amylase activity). Table 3 shows the correlations established between the rheological parameters (mixolab and alveograph) ( Table 1 ) and technological quality of pasta (Table 2) . The correlation analysis showed that there is a positive correlation between the flour rheological properties (mixolab data) SG, AA and SR and the pasta technological quality parameters of HR, AD, WS, F, FB and L*, and a negative one with b*, which was statistically significant at the p<0.1 level. The alveograph data showed that only W correlated positively to HR, AD, F and L* and negatively to b*. The full auto-scaled data matrix was submitted to PCA for the detection of structure in the relationship between measuring parameters and different samples. For visualizing the data trends and the discriminating efficiency of the used descriptors a scatter plot of samples using the first two principal components (PCs) from PCA of the data matrix was obtained (Fig. 1) . As can be seen, there is a neat separation of the five flour samples, according to flour rheological properties and pasta technological quality. The distribution of flour samples locations on the biplot diagram according to different orientation of responses points at the differences in flour quality. The results show that the first two PCs account for 92.96% of the total variability, and can be considered sufficient for data representation. The observed flour rheological properties and pasta technological quality characteristics, SR (with 9.14% contribution based on the correlation), BF (9.12%), AA (8.96%), HR (8.88%), SG (8.84%), FB (8.31%), AD (8.31%), b* (8.30%), WS (8.17%) and W (8.15%) contributed the most to the first factor calculation, while P/L (23.59%), L (23.30%), P (21.50%) and PW (19.94%) contributed more to the second factor coordinate calculation.
Rheological properties of flour samples
The PCA plot also shows a good correlation between SG and L*, AA, WS, AD, HR, F, FB, W, b and SR; and also between P/L and PW.
From the PCA plot it can also be seen that the sample of Flour 5 was characterized by the highest L, AA, WS, AD, HR, F, FB, W, SR and SG, while the sample of Flour 1 was characterised by the lowest values of these parameters.
CONCLUSIONS
Based on these investigations, the mixolab (SG, AA, SR) and alveograph data (W) gave useful information about the spelt flour as a raw material for pasta as they correlated directly with the quality of pasta (HR, AD,WS, FB, F, L* and b*). The alveograph data showed statistically significant differences in quality indicators of samples as raw material for the production of pasta, contrary to the mixolab data. Regarding the high correlations of SG; AA and SR with HR, AD, WS, F, FB, L and b*, the mixolab data have to be combined with other rheological methods that point to gluten quality. The mixolab data for Flour 5 (protein weakening 0.67±0.05, starch gelatinization 1.69±0.10, amylase activity 2.34±0.15), starch retrogradation 3.38±0.27 are in high correlation with spelt Pasta 5 texture (hardness 5182.06±7.48g, adhesiveness 10.25±1.16gsec, work of shear 410.33±5.44gsec, fracturability 24.38±1.84 and flexibility 27.02±1.69). The application of PCA provided a better visualization of the correlations of the tested responses and the flour quality differentiation.
